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1. Introduction
1. 1. Object of the study
The level of hyperemia of the mucous membrane around the installed intraosseous den-
tal implants of non-demountable construction of domestic production with different coating 
material.
1. 2. Problem formulation
Partial or complete loss of teeth remains one of the main problems of modern dentistry. Data 
from the literature on the analysis of the need to restore lost teeth, show a significant prevalence 
of this problem [1]. In this case, fixed dentures are the most common type of orthopedic structures 
that have proven their high clinical effectiveness [2, 3].
A B S T R A C T
The object of the study there is a level of hyperemia of the mucous membrane around 
the installed intraosseous dental implants with different coating material according to 
the results of histogram analysis of digital microscopy. 
The problem to be solved – evaluation of the degree of hyperemia of the periimplant 
mucosa around intraosseous dental implants coated with rutile, in comparison with 
titanium implants of VT-6 alloy after prosthetics.
Main scientific results: Analysis of digital images using histogram evaluation of the 
red component of the spectrum showed that 1 month after prosthetics in group 1, which 
included 20 patients who had intraosseous implants made of titanium alloy TiV6Al 
(VT-6), the above indicator increased to 191 (St.Err. 4.45). The difference was 4 con-
ventional units. Similarly, in group 2 (16 people) who had intraosseous zirconium im-
plants, there was an increase in the quantitative rate after prosthetics by 9 conventional 
units, and its value was 194 conventional units (St.Err. 3.64). Since increasing numeri-
cal values and shifting the digital histogram to the right is an objective criterion for re-
ducing the intensity of redness, it can be concluded that there is a reduction of mucosal 
irritation after orthopedic treatment with a predominance of this process in the group 
of patients who received intraosseous dental implants coated with rutile. 
The area of practical use of research results: Since the authors first studied the 
reaction of the peri-implant mucosa in contact with various implant materials at the 
stages of orthopedic treatment, this is the basis for the introduction into general med-
ical practice of intraosseous dental implants made in Ukraine using rutile application 
technology. 
The area of application of an innovative technological product – it is a dental im-
plant practice. The obtained results will allow to use more widely Ukrainian implants 
of non-demountable construction with a high level of surface preparation, for the pur-
pose of further orthopedic treatment with the use of non-removable metal-ceramic 
dentures.
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Orthopedic rehabilitation of patients with dental implants is now a common method of 
eliminating dentition defects [4]. Dentures based on implants restore aesthetic and masticatory 
functions, provide patients with a sense of comfort and psychological confidence, do not require 
the mandatory inclusion of intact teeth in the supporting part. One of the most promising ways to 
improve this option is to find and implement new materials that would best meet the technological 
and clinical requirements, especially in the aspect of biocompatibility [5]. 
Today, scientists are actively looking for options to modify the titanium surface using 
nanotechnology [6]. An example of such an approach is the creation of an oxidized contact 
layer (rutile), the study of the properties of which is devoted to a large number of scientific 
publications [7, 8].
Laboratory studies of the possibilities of rutile in the medical field are in the focus of scien-
tists and researchers in many countries [9].
However, in the domestic scientific literature there is a lack of information on the clinical ef-
fectiveness of the use of intraosseous dental implants with rutile-modified surface, and, therefore, 
the assumption of vasomotor response of periimplant mucosa in contact with rutile surface implant 
was tested. The comparison group included patients with titanium intraosseous dental implants and 
fixed non-removable metal-ceramic structures.
The presented results of the research are a fragment of a complex topic of the Department 
of Propaedeutics of Orthopedic Dentistry of the Ukrainian Medical and Dental Academy (Poltava): 
“Optimization of prevention and treatment of dental diseases by orthopedic methods” (state regis-
tration No. 01020001303).
1. 3. Suggested way to solve the problem 
The task of the study was solved using the method of detecting inflammation of the oral 
mucosa at the stage of orthopedic treatment, which was proposed and protected by the Patent of 
Ukraine for utility model No. 88400 from 11.03.2014 by Korol D. M. and co-authors [10].
It was assumed that comparing the numerical values of the red color of the histogram 
spectrum will assess the degree of vasomotor reaction of the periimplant mucosa in contact 
with rutile, and compare these results with the reaction of the mucosa in contact with the tita-
nium alloy VT-6.
Before the start of the research, two statistical hypotheses were formulated:
– H0 (null hypothesis) – numerical values based on the results of research in the experimen-
tal groups will not have statistical differences.
– H1 (alternative hypothesis) – numerical values based on the results of research in the ex-
perimental groups will have a statistically significant difference.
2. Materials and methods
The first experimental group included 20 patients who had intraosseous dental implants 
made of titanium alloy TiV6Al (VT-6). Patients of the second experimental group (18 people) were 
fitted with titanium implants and rutile-coated products manufactured by Vitadent LTD (Ukraine). 
2. 1. Experiments
Examination of the oral mucosa in the peri-implant area was performed using a digital 
microscope Supereyes B003 with a special conical nozzle. Further computer visualization and 
processing of the obtained image was performed in Adobe® Photoshop® CS6 extended, which 
involves the implementation of graphical analysis using tools such as: fragmentation (Magnetic 
Lasso Tool) and “color analysis” (Color Sampler Tool).
Changes in the mucous membrane, which would characterize the phenomenon of hyper-
emia, are recorded on the basis of the intensity of the median of the red spectrum of the image on 
the color histogram and the numerical values of the average histogram.
The study was performed in a dental chair, the device was set to the maximum magnifica-
tion of the image and the maximum automatic illumination of the study field, which provided the 
same standard shooting conditions. A standard conical nozzle for examining the external ear canal 
included in the microscope kit was autoclaved before the study. 
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Before photographing the area of the mucous membrane was air dried. The microscope 
was pressed against the mucous membrane in a given area of the oral mucosa so that focusing and 
uniform illumination would occur. The resulting image was captured and saved in a format that al-
lowed it to be processed in Adobe® Photoshop® CS6 extended. Subsequently, computer tools were 
used to work with the image, such as: Magnetic Lasso Tool – a computer fragmentation tool that al-
lows you to select a fragment of the image that needs to be studied, and Color Sampler Tool – color 
analysis tool allows you to get a color histogram of selected fragment. The degree of hyperemia of 
the mucous membrane was determined from the intensity of the red spectrum of the image on the 
color histogram. Decreasing the numerical values of the median of the red component and shifting 
the histogram to the left corresponds to a greater saturation of the red color.
Thus, from a diagnostic point of view, the fundamentally important indicators of the histo-
gram are the average value of the median red spectrum of the image, because the dominance of red 
(hyperemia) indicates the process of vasomotor response to stimuli.
Statistical processing of the obtained data and their visualization was performed using the 
software package Statistica 10.0.
3. Research results
The following results were obtained comparing the effect of the rutile surface in comparison 
with the surface of the titanium alloy (VT-6) on the condition of the periimplant mucosa. Histo-
gram analysis of microscopic specimens in group 1 patients showed that the median value of the 
red color was 189 (St.Err. 3.56). The interquartile range of values was between 179 and 197. (Fig. 1).
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Fig. 1. Diagram of descriptive statistical analysis of the results of microscopy before implantation 
(group 1)
At the same stage, the mean median value in group 2 patients was 185 (St.Err. 3.94). In the 
lower quartile this figure was 172, and in the upper – 196 (Fig. 2).
After prosthetics, the mean value of the median red in patients of group 1 changed to the 
level of 191 (St.Err. 4.45) in the interquartile range between 173 and 208 (Fig. 3).
In the second group, the mean median red was 194 (St.Err. 3.64) with a minimum and a 
maximum of 180 and 206, respectively (Fig. 4).
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Fig. 2. Diagram of descriptive statistical analysis of the results of microscopy before implantation 
(group 2)
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Fig. 3. Diagram of descriptive statistical analysis of the results of microscopy after prosthetics 
(group 1)
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Fig. 4. Diagram of descriptive statistical analysis of the results of microscopy after prosthetics 
(group 2)
4. Discussions of the research results
Unfortunately, we did not find information on the clinical efficacy of the use of intraosse-
ous dental implants with a rutile-modified surface. Therefore, the hypothesis about the possible 
vasomotor reaction of the periimplant mucosa in contact with rutile was tested. The comparison 
group included patients with titanium intraosseous dental implants and fixed non-removable met-
al-ceramic structures.
It is noteworthy that the above changes in group 1 (p=0.6) and in group 2 (p=0.27) accord-
ing to Wilcoxon are not significant, because the null hypothesis of random differences was not 
rejected.
Further comparison of the results in the intergroup comparison by the Mann-Whitney test 
showed a relative statistical similarity of the situation, as p=0.55 (before implantation) and p=0.8 
(after fixation of the prosthesis) did not allow to talk about a significant difference. 
It was found that 1 month after the completion of prosthetics, the quantitative indicators 
in both groups increased, with a slight predominance in group  (191 and 194 conventional units, 
respectively). Since an increase in the mean value of the histogram indicates a decrease in redness, 
we can conclude that over time, the irritation of the mucous membrane decreases. This can be 
explained, firstly – by the course of the regeneration process, and secondly–- by protecting the 
mucosa from mechanical injury during eating, and thirdly – by the positive effect of the surface of 
the implanted material. Despite statistically comparable values in group 1 and group 2, in the group 
of patients with implants with a rutile surface, the intensity of changes was higher.
Study limitations. Given the design of the microscope with a conical nozzle, the study 
involved obtaining digital microimages of the mucous membrane around the dental implants exclu-
sively in the frontal area of the alveolar process, accessible ergonomically.
Prospects for further research. Prospects for further research are to increase the number 
of thematic patients and patients, which will create a complete statistical base of histogram values 
of digital images of the oral mucosa in the presence of various orthopedic structures, including - 
based on implants. 
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5. Conclusions 
Comparison of the results of the mean value of the median red colour of the histograms of 
the microscopy showed that the representatives of the two groups showed an increase in quanti-
tative values. In group 1, this increase was 2 conventional units, and in group 2 – 9 conventional 
units. Bearing in mind that the increase in the indicators and the shift of the digital histogram to the 
right is an objective criterion for reducing the intensity of hyperemia, it can be concluded that the 
irritation of the mucous membrane gradually decreases after orthopedic treatment.
The results of histogram analysis indicate a positive effect of rutile on the condition of the 
peri-implant shell and opens wide prospects for the use of intraosseous dental implants with the 
above coating in dental practice. 
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